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This report is divided into two parts. The first describes the analysis
of the dielectric variations of lunar fines sample 74241,2. The second gives

a brief description of the electrical properties of solid sample 70215, 14.



a4

PART I

Dielectric Comparisen of Lunar and Terréstrial

Fines at Lunar Conditions



ABSTRACT

The dielectric response of lunar fines 74241,2 is presented in the audio-
frequency range and under lunarlike conditions. Results suggest that volatiles
are released during storage and transport of the lunar sample. Apparently,
subsequent absorﬁtion of volatiles on the sample surface alter its dielectric
reaponse. The assumed volatile influence disappear after evacuation. A
comparison of the dielectric properties of lunar and terrestrial materials as
a function of density, temperature; and frequency indicates that if the lunar
simulator analyzéd were completely devoid of atmospheric moisture it would pre-
sent dielectric losses smaller than those of the lunar sample. It is concluded
thaf densgity prevails over temperature as the controliing factor of dielectric
permittivity Iin the lunar regolith and that dielectric ioéses vary slowly with

depth.
INTRODUCTION

The process of data acquisition on the electrical properties of returned
lunar materials encompasses a period of approximately four years. The initial
measurements were performed at high and audio-frequencies (Gold et al., 1970;
Chung'et al., 1970); little attention was pald at this stage to the effect of
atmospheric water contamination on the samples’ electric and dielectric response.
Studies on terrestrialimaterials suggested that minute amounts of atmospheric
molsture should have large effects on the electrical properties of lunar samples
{(Alvarez, 1971); subsequent experiments proved that sﬁcﬁ an effect was indeed

obgerved in lunar materials (Strangway et al., 1972). _Asla result of these

experiments it 1s now recognized that electric and dielectric measurements have



to be carried out under controlled atmospheres (e.g., high vacuum) in order to
obtain values representative of the materials in gitu. On the basis of results
presented herein it is sugpested that volatiles other than HZO may also affect
the dielectric properties of lunar samples. | |

The bulk of the dielectric data available to date consists of measurements

at frequencies below 10 MHz; in such a frequency range, experimental conditions

have varied from nitrogen atmospheres at rcom temperature (Ratsube and Collett,
1971 and 1973) to nitrogen atmospheres at various tempefétures (Chung et al.,
1970 and 1971) and to high vacuum and temperatures ranging from 77°K te 773°K

(Chung et al., 1972 and 1973; Strangway.et al., 1972; Olheft et al., 1972,

1973a and 1973b). Dielectric data is also available at substantially higher

frequencies (Gold et al., 1970, 1971, 1972, and 1973; Bassett and Shackelford,

1972). Some studies have focused on electrical conductivity at various

temperatures and atmospheres (Schwerér et al., 1971, 1972, and 1973).

Reproducing lunar surface conditions involves subjecting a sample to high
vacuums and temperatures varying from 100° to 400°K approximately. The present
study analyzes.the dielectric variations of lunar sample 74241,2 under such
conditons. The éxperimental technigque and apparatuses used in these measure-~
ments are esseﬁtially those described by Alvarez (1973a), with the additional
precaution of never exposing the lunar samples to tefreétrial atmosphere,
Handling of the sample (i.e., weighing, transferring to sample holder, etc.)
was made in N, atmospheres of zero percent rela?ive humidity, determined by
a relative humidity meter,

Sample 74241,2 was collected in the South rim of Shbrty Crater, at Station

4. The sample fraction analyzed is composed of grants of less than one millimeter.



Its composition 1s 60 percent basalt (no vugs), 20 percent basalt (vugs), 10
percent white dusty crystalline fragments, and 10 percent black glass fragments.

Further description of the sample appears in Lunar Sample Info. Cat. . (1973).

Samples of two packing densities were analyzed:

p=1.38% .05 and p = 1.61 * .05 g/cm®. The denser sample was obtained by
placing the same amount of fines available (i.e,, approximately 5 g) in a sample
holder of smaller volume. Sample thicknesses were 1.4 and 1.1 mm respectively.
Each sample was measured in the 30 Hz to 100 KHz frequgncy range at temperatures
of 100°; 298", and 373°K. The experimeﬁtal error at all frequencies and tempera-
tures for k' ig + .01, and for tan § it 1is + .00l (at 30 Hz) or better, except
for the 100 Hz value at room temperature and 2.0 torr pressure (Figure 1b)

which has error 1limits of * .005.

Dielectric Response Of Sample 74241,2

The dielect?ic permittivity (') and loss tangent (tan®) data for the sample
of density 1.38 g/cm® appear in Figures la and 1b respectively, The tempera-
ture sequence was ae indicated in the figures. The first set of measurements,
at room temperature and a pressure of 2 torr of Nz, can be regarded as repre-
sentative of the sample properties "as received" (i.e., the sample had not pre-
viously been subje;ted to evacuation or temperature vafiations). According to
the Lunar Receiving Laboratory, the sample was never eqused to the terrestrial
atﬁosphere. For trangportation the sample was ﬁacked in a.stainless steel vial
and three plastic bags filled with nitrogen; in-transit contamination between
laboratories is thus regar&ed ags improbable. As poinféd out previously, the
sample was handled in a4 zero percent relative humidity atmosphere of N2 in our

laboratory.



In spite of the precautions taken to avoid contamination, the dielectric
respongse of the sample as received indicates that gome sort of alteration
occurred while in storage, transit, or handling. The k' values at room tempera-
ture and 2 toff of N, (Figure 1la) show a marked tendency to increase towards
the lower frequencies, while at frequencies above 1 KHz the response is
practically the same as those at room temperature and high vacuum. The corres-
ponding tan & values (Figure 1b) also show large increments with respect to
the high.vacuuﬁ valpes for frequéncies below 10 KHz. _Altetation of the samples’
dielectric proﬁerties is thus manifested at the low—fféqﬁency end of the frequency
range analyzed. |

" After measuring at room temperature and 2.0 x lo;gltqrr, the sample was
@ooled at 100°K at 2.5 x 10~° torr. Lowering the tempefature resulted in a
slight decrease of the Ki values while the tan § values experienced minor
variations. Next, measureménts at room temperature and 1.6 x 10~ torr were
repeated, clésély reproducing the k' and tan & values previoualy obtained at
such conditioms. VThis sequence of results shows that: (1) evacuation of the
gsample changed its original (i.e., as received) dielectric response and, (2) the
response at room temperature and high vacuum is reproducible. Further on, it
will ﬁe shown that the as-received response is not recoverable after evacuation.

Evacuation could have only removed volatiles from the sample, consequently
the aielectric response of the sample as received must have been influenced by
such volatiles. Thé exact mechanism by which alteration of the electrical
properties of the éample tqok place cannot be determined with the present infor-
mation; however; two possibilities are offered: (1) solar wind trapped gases
beiﬁg released (e.g., while in transport) from original formation sites, witﬁ

subséquent physisorption to grain surfaces or, (2) water vapor formation in the

submonolayer region by a process similar to that suggested by Cadenhead et al.,

(1973).



In both cases active gases (e.g., oxigen, water vapor) would alter the
surface conduétivify of sample grains (Alvarez, 1973b), just as they do in the
case of semicondgétors and insulators (e.g.,'Buék'et al., 1965) increasing the
values of k' and tan & toward the 10w—frequéncy end.  The results of Strangway
et al., (1972) cOﬁfirm that water contamination results in such increases in
lunar fines. Further discussion on conductivity effects in dielectric measure-
‘ments appears In Alvarez (1973c). 1In lunar samples there is no direct evidence
of electrical alterations by active gases other than Hzo,

Figures 2a and 2b show k' and tan 6 responses for the 1.61 g/cm® density
value. 1In order to obtain this new density the sample had to be re-packed in a
thinner sample holder, as previously iIndicated. Such an operation-involved
transferring the sample from the high vacuum chamber fo-a nitrogen tent and back
to the vacuum chamber. The steps followed were the same as when preparing the
sample of density 1.38 g/cnd, so that 1f contamination had occurred during the
first manipulation it would also be expected to occur in the latter. This is
pointed out to stress the fact that in Figures 2a and 2b, no low-frequency .-
/increases-at room temperature and 1 torr of N2 are observed and consequently no
contamination resulted from such manipulations. In the present case there is
excellent agreement between responses at room temperature and pressures of 1 torr
and 2.0 x 10-° téft; Lowering the temperature to 100°K and increasing {t to
373°K-resulted_in'variations of ' and tan § similar to those obtained in the

previous case. Minor variations of tan § values with temperature were obtained

in each instance,

Lunar And Terrestrial Materials

The‘followipg is a comparison between the dielectric responses of a lunar

and a terrestrial material as a function of density and with frequency and tempera-



ture as parameters} Results for the lunar material correspond to sample 74241,2
described in the present work. The terrestrial material was prepared to gimulate
lunar fines of Apollo 12; the corresponding results were previously reported
(Alvarez, 1973a). Both sets of results were obtained at essentially the same
vacuum and temperature conditions using the same ekpetimental equipment and
techniques. Thus, the comparison is considered to truly reflect common trends
and differences between the dielectric behaviour of thg tﬁo materials; Criteria
for inferring lunar material responses from studies on terrestrial analogues can
be established with guch type of comparisons.

Figures 3a, 3b, and 3c show-dielectric permittivity versus density curves for
five density values and three temperatures. In each figure data are plotted
for one of three frequencies: 1, 10, or 100 KHz; The fhree‘highest density
values correspond to the terrestrial material and the. two lowest ones to the
lunar sample. «' values for the lunar material show small variations with
temperature at any frequency, whereas the x' values of the terrestrial material .
experieﬁce large excursions as a function of temperature;' It 1 readily observed
that as the frequency increases the behaviour of the terrestrial material
approaches that of the lunar sample, showing decreasing spread in the k' values
for a given‘dehsity. In general, it can be séen that higher k' values corres-
pond to higher\&énsity values for a given frequency and a given temperature;
this relation 1s better appreciated at the higher frequencies;

Figure 4 shows the tan § curves correspoﬁding to the values shown in
Figures a, b, and c. The‘trgnsition from lunar to terrestrial material
is neatly shown. The same compactness observed for the k' data of the lunar
sample is again manifested in the tan § data. The response of the terrestrial
material spreadﬁ in a highly symmetrical fashion with Tespect to the lunar gample

data. Tan § values for the terrestrial sample show no clear tendency to approach



luﬁar material béhaviour with iﬁcreasing frequency, contrasting with the obser-
vations made for k' (Figure 3).

Of'particdlar-interest 1g to observe the smaller losses of the terrestrial
material for temperatures of 160° and 298°K (except fbr the 1 KHz_and 298°K
curve). The observation appears to he in direct contrédiction with logical
expectations since, (1) both sample 74241,2 and the terrestrial material are
essentially basalts, (2) densities for the latter are higher than those for the
lunar sample and (3) the tan § response of the terrestrial sample was affected
by some étmnspheric moisture, notwithstanding evacuation and heating (Alvarez,
1973a), which tendé to increase the losses at room témﬁe?ature.

The necessary conclusion is that the tefrestrial matérial has smaller
intrinsic losses (i.e., the iosses of the water uncontaminated material) than
the lunar sample. Io substantiate this assertion, assume that the terrestrial
material completely devold of moisture would behave as the iunar gample (i.e.,
with small spreading of tan § values_as a function of temperature)}. The
dielectric éffectg of small amounts of moigture on the sample's response are
knowvn to be minimal at temperatures of around 100°K (Alvarez, 1973d and 1973e).
Thus, the tan § values at 100°K and ultra-dried conditions would not be expected
to depart muchrfrém‘the values presented in Figure 4 for such a temperature and
100 KHz. This curve could tentatively be considered ;sls a base line above which
tan § Increments would take place with increasing temperatures. If the assumption
is correct, the taﬁ § response of the terrestrial materiéi for the temperature
range analyzed would lay below the values obtained for the lunar sample., There -
ie no sufficient information to attempt an explanation qf-the basic mechanism
responsible for thé'higher losses in the lunar material. . Mineralogical comﬁosition
certainly plays an important role in determining k' and tan § values; however,

there is little information available on the role of specific minerals and the



way they affect such values in lunar fines or powdered terrestrial materials.
DISCUSSION

The results presented on sample 74241,2 simulating lunar surface conditions
show that the overall «' variation from lunar night to lunar day is less than
that produced by an increment in density of approximately 0.2 g/em® (i.e., from

1.40 to 1.60 g/em’). According to Robie and Hemingway (1971) the synodic tem

perature variation is reduced to about 6°K at lunar surface depths of 20 to 30

cm. In addition, the results of Carrier et al. (1973) indicate that increments

of around 0,3 g/cnﬁ occur In the first 10 cm of the regolith (i.e., approximately
from 1.40 to 1.70 g/cma). Thus, it is cieaf that in the regolith, density pre-
vails over temperature as the controlling factor of dielectric permittivity.
Asidg from the temberature variations we referred to, originating on the lunar
surface, there are thermal gradients originating in internal sources; these have

values of less than 4°K/m (Langseth et al., 1973) and should not offset the

dominating role of density in regolith depths of a few tens of meters.

Loss tangent values of sample 74241,2 indicate that variatlons in density
produce small aiterations in tan 6; a slight tendency to increase with increasing
densities is shoﬁﬁ by the values in Figure 4. The corresponding values for the‘
terrestrial material also show a slight tendency to increase for the 100°K
femperature; however, they show no'particular tendency for the higher témperatures,
probably owing to varliable amounts of water ﬁolecules affecting the losses.

Based on da;a from the lunar analogue two inferences were made (Alvarez,
1973a) regarding the dielectric behavior of the lunar fegolith; they were pre-
sented subject to confirmation by actual,luﬁar-material_data obtained under
lunarlike coﬁdifions. The first one established that in 5 to 10 cm depth the

k' values would be controlled by surface temperature variations. With the
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results on sam@le‘f424l,2 plus those of Carrier et al. (1973) it is now
possible to refine the above prediction.

For the 1.38 g/cm’® density value (Figure la), which may be considered
a representative ip situ density of the first two centimeters of lunar regolith,
it is evident that dielectric variations will be controlied by temperature,
since at such a depth the dengity increase is less than 0.1 g[cm3 (Carrier
et al., 1973), and for a 5 em depth the increase is,arouﬂd..l2 g/cma. Thus
we can now establish that in a surface layer no more ;hgn 5 ‘'cm depth «' varia-
tions are periodic, controlled by surface temperatures apd no more than 0.2
between the'max;mum and minimum temperatures. At regolith depths of more than
5 cm the periodicitf will disappear (i.e., due to amplitude attenuation of the
temperature wave) and k' variations will depend on density and, consequently,
on depth. Loss_tangent variations with temperature in the first 5 cm depth may

be considered constant according to the data in Figure 1b.

CONCLUSION

Comparison of the as-received dielectric responge of lunar sample 74241,2
and responses at high—vacuﬁm conditions suggested that volatiles may héve
accumulated in the'sample during storage and transport; The pregsent data were
insufficient to decide in which particular way volatilés-alter the samples’
dielectric pr0perties; however, two possibilities weré-advanced: (1) physisorp-
tion of solar wind‘trapped gases to érain surfaces and (2) water vapor formation
in submonolayer amounts.

' and tan & were compared to the corresponding

Lunar sample values of
values 1n & terreastrial sample prepared to simulete lunar fines. It was noted
that the x' and tan § variations with temperature for the lunar gample were

considerably smaller than those of the terrestrial material at lunarlike
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conditions and fréquencieé below 10 KHz. «' values of the terrestrial material
at 100 KHz tended to approach the behaviour of the lunar sample, It was con-
cluded that the terrestrial material at ultra-dried conditions would have
smaller losses than the 1ﬁnar sample.

Finally, {1t was indicated that k' variations in tﬁe first 5 cm of lunar
regolith should Ee periodic, controlled by surface temperature variations
during the synodic period, while loss tangent values should remain approximately

constant. At greater depths k' should be controlled by density.



-1]1-

REFERENCES

Alvarez, R., "Effects of Atmospheric Moisture in Rock Reéistivity," Trans. Am.

Geoph. Union, 52, 918, 1971,

Alvarez, R., "Lunar Powder Simulator Under Lunarlike Conditions: Dielectric

Properties," Jour. Geoph. Res., 78, 6833, 1973a.

Alvarez, R., "Effects of Atmospheric Moisture on Rock Registivity," Jour. Geoph.
Res., 78, 1769, 1973b.
Alvarez, R., "Complex Dielectric Permittivity in Rocks: A Method for its

Measurement and Analysis,” Geophysics, 38, 920, 1973c.

Alvarez, R., "Lunar Permafroet: Dielectric Identification,”" Science, 179,
1122, 1973d.
Alvarez, R., "Permafrost: Relation Between Ice Content and Dielectric Losses

at 100°K," Earth and Planetary Sci. Let., 20, 409, 1973e.

Bassett, H.L., and R.G. Shackelford, "Dielectric Constant of Apollo 14 Lumar

Samples at Microwave and Millimeter Wavelengths," in Proc. Third Lunar Sci.

Conf., edited By D.R. Criswell, p. 3157, MIT Press, Cambridge, Mags., 1972.
Buck, T.M., F.G. Allen, and J,V. Dalton, "Detection of Chemical Species by

Surface Effects on Metals and Semlconductors," in Surface Effects in

Detection, edited by J.I. Bregman and A. Dravnieks, p. 147, Spartan-Macmillan,
Washington, D.C., 1965, | |

Cadenhead, D.A., B.R. Jones, W.G. Buergel, and J.R. Stetter, "The Effects of a
Terrestrial.Atmosphere on Lunar Sample Surface Composition and The Formation

of Lunar Water Vapor," in Lunar Science IV, edited by J.W. Chamberlain and

C. Watkins, p. 109, The Lunar Science Institute, Houston, 1973.

Carrier, W.D.,, IIL, J.K, Mitchell, and A. Mghmood, "The Relativé Density of

Lunar Soil," in Lunar Science iV, edited by J.W. Chamberlain and C. Watkins,

p. 118, The Lunar Science Institute, Houston, 1973.



-12-

Chung, D.H., W.B. Westphal, and G. Simmons, "Dielectric Properties of Apollie 11

Lunar Samples and Their Comparison With Earth Materials," Jour. Geoph. Res.,
75, 6524, 1970. |
Chung, D.H., W.B. Westphal, and G. Simmons, "Dielectric Behaviour of Lunar

" Samples: Electromagnetic Probing of The Lunar Interior,” in Proc. Second

Lunar Sci. Conf., edited by A.A. Levinson, p. 2381, MIT Press, Cambridge,

Mass., 1971.
Chung, D.H., W.B. Westphal, and G.R. Olhoeft, "Dielectric Properties of Apollo 14

Lunar Samples," in Proec. Third Lungx Sci. Conf., edited by D.R. Criswell,

p. 3161, MIT Press, Cambridge, Mass., 1972.
Chung, D.H., and W.B. Westphal, "Dielectric Spectra of Apollo 15 and 16 Lunar

Sample Solid Samples," in Lunar Science IV, edited by J.W. Chamberlain

and C. Watkins, p., 138, The Lunar Science Institute, Houston, 1973.
Gold, T., M.J. Campbell, and B.T. O'Leary, "Optical and High-frequency Electrical

Properties of The Lunar Sample,” Science, 167, 707571970.

Gold, T., B.T. O'Leary, and M. Campbell, "Some Physical Properties of Apollo 12

Lunar Samples,” in Proc. Second lunar Sci. Conf., edited by A.A. Levinson,

p. 2173, MIT Prees, Cambridge, Mass., 1971.
Gold, T., E. Bilson, and M, Yerburj, “Grain Size Analyéis, Optical Reflectivity
Measurements, and Determination of High-frequency Electrical Properties of

Apollo 14 Lunar Samples," in Proc. Third Lunar Sed. Conf., edited by D. R,

Criswell, p. 3187 MIT Press, Cambridge, Mass., 1972.
Gold, T., E. Bilson, and M. Yerbury, "Grain Size Analysis and High-frEquency

Electrical Properties of Apollo 15 and 16 Samples,” in Lunar Science IV,

edited by J.W. Chamberlain and C. Watkins, p. 293, The Lunar Science

Institute, Houston, 1973.



-13-

Katsube, T.J., and L.S. Collett, "Electrical Properties of Apollo 11 and 12

Lunar Samples," Proc. Second Lunar Sci. Conf., edited by A. A. Levinson,

p. 2367, MIT Press, Cambridge, Mass., 1971.
Katsube, T.J., and L.S. Collett, "Electrical and EM Proﬁagation Characteristics

of Apollo 16 Samples," in Lunar‘scienCe'Iﬁ, edited by J.W. Chamberlain _

and C. Watkins, p. 431, The Lunar Science Institute, Houston, 1973.
Langseth, M.G., J.L. Chute, and S. Keihm, "Direct Measurements of Heat Flow from

the Moon," in Lunar Science 1V, edited by J.W. Chamberlain and C. Watkins,

p. 455, The Lunar Science Institute, Houston, 1973, .

Lunar Sample Information Catalog, Apollo 17, NASA docﬁﬁent MsSC 03211, p. 91,
Johnson.Spacecraft Center, Houston, 1973.

Olhoeft, G.R., A.L. Frisillo, and D.W. Strangway, "Lunar Soil Sample 15301, 38:
Correlation of Electrical Parameters with Physical Properties,” in Trans. AGU,
53, 1034, 1972,

Olhoeft,'G.R.,'A.L.~Frisiilo, and D.W. Strangway, "Electrical Properties of

Lunar Solid Samples," in Lunar Science IV, edited bf J.W. Chamberlain and
C. Watkins, p. 575, The Lunar Sclence Institute, Hduston, 1973a.

Olhoeft, G.R., A.L. Frisillo, D.W. Strangway, and H.N.'Sharpe, "Temperature
Dependence of Electrical Conductivity and Lunar Temperatures," The Moon
in press, 19f3b.

Robie, R.A., and B.S. Hemingway, "Specific Héats of the Lunar Breccia (10021)

~and Olivine Dolerite (12018) Between 90° and 350° Kelvin," in Proc. Second

Lunar Sci. Conf., edited'bf A.A, lLevinson, p. 2361, MIT Press, Cémbridge,
Mass., 1971. |
Schwerer, F.C., T. Nagata, and R.M. Fisher, "Electrical Conductivity of Lunar

Surface Rocks and Chondritic Meteorites," The Moon, 2, 408, 1971.



~14—

Schwerer, F.C., G.P. Huffman, R.M. Fisher, and T. Nagata, "Electrical Conduc~

tivity and Mosbauer Study of Apollo Lunar Samples,'" in Proc. Third Lunar

Sci. Conf., edited by D.R. Criswell, p. 3173, MIT Press, Cambridge, Mass.,

1972,

Schwerer, F.C., G.P. Huffman, R.M. Fisher, and T. Nagata, "Electrical Conduc-~

tivity of Lunar Surface Rocks at Elevated Temperatures," in Lunar Science
IV, edited bj J.W. Chamberlain and C. Watkins, p. 663, The Lunar Science
Institute, Houston, 1973, |

Strangway, D.W., G.R. Olhoeft, W.B. Chapman, and J. Carnes, "Electrical
Properties of Lunar Soil--Dependence on Frequency, Temperature and Moisture,"

Earth and Planetaty Sci. let., 16, 275, 1972,




-15-

FIGURE CAPTIONS

FIG. 1 (a) Dielectric permittivity against frequency and (b) loss tangent .

FIG. 2

FiG. 3

FIG. &

against frequency for lunar sample 74241,2., The density value is
1 38 g/cm H correspouding pressures and temperatures are Indicated
for each symbol. The temperature sequence was as- indicated in the

legend.

(a) Dieleﬁtric permittivity against frequency and (b) loss tangent
against fféﬁuency for lunar sample 74241,2, The density value is

1.61 g/cm3; corresponding pressures and temperatﬁres are indicated
for each symbol. The temperature sequence was as-indicated in the

legend.

Dielectric permittivity versus. density for lunar sample ?4241;2 and
a terrestrial material simuléting lunér fines, ﬁith temperature_aé

a parameter for (a) frequency of 1 KHz. As the frequency increases
the behaviogr of the terrestrial material apprbaches that of the

Iunar gsample.

Loss tangent vergus density for lumar sample 74241, 2 and a terrestrial
material simulating lunar fines. These data correspond to those of
Figure 3. Of particular interest are the smaller losses of the ter-

restrial material for temperatures of 100° and 298°K
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PART TI

ELECTRICAL PROPERTIES OF SAMPLE 70215 IN
THE TEMPERATURE RANGE OF 100° to 373°K
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- Dielectric permittivity, lbss tangent, and dec conductivity of solid
sample 70215,14 have been measured at temperatures of 100°, 298°, 315°, and
373°K. Measurements were performed at a pressure of 1 torr of N, or in
vacuums of ~ 10-7 to 10-8 torr; the sample was never eﬁposed to the atmosphere.
Dielectric properties were obtained in the 30 Hz to 100 KHz frequency range.
The basic experimental procedure has been reported elsewhere (Alvarez, 1973a).
In comparison with other 1unﬁr material this sample presents a rather high de
conductivity. Sample 70215 has been described (Lunar Sample Info. Cat., Apollo
17, 1973) as a fine-grained basalt with a groundmass (48% of rock) of Ilmenite
(?), Pyroxene, and Plagioclase, and phenocrysts (52% of rock) of Ilmenite (?),
Olivene, and Pyroxene. The results obtained may help characterize materials
in the regolith and in the upper layers of the lunar basement.

figufe la shows the dielectric permittivity data. The Temperature
sequence is Indicated in the legend of the figure; the correéponding informa-
tion for tan & appears in Figure 1b. Values of dielectric permittivity at
100 KHz vary from 6.25 at 100°K to 8.18 at 373°K; the lower frequencies, how-
ever, show a considerably larger scatter with temperature. This behaviour is
typical of dielectrics with non-negligible ohmic conductivities, in contact
with metallic electrodes (Alvarez, 1973b). Clustering of the data at the
higher frequencies suggests that such an effect becomes negligible above 100
KHz and, thus, representative values of ' may be taken at this frequency for
temperatures of 298°K and above. The data at 100°K appears to be free of dc
.cqnductivity effects; consequently, all reported values are considered repre-
sentative of the sample properties at this temperature. Tan § variations do
not exceed one order of magnitude in the temperature range analyzed.

Figure 2 1s a plot of dc conductivity versus the reciprocal temperature

with applied voltage as a parameter. Based on the data at the higher tempera-



-25-

tures we have assumed a reglon of linear variétion (thick, straight 1line),
from which an appafent energy gap of 0.53 eV has beeq computed. If the sample
were a crystalline semiconductor, this temperature fegién would correspond to
an intrinsic conduction; however, from the sample coﬁposition it is cbvious
that we are dealing with a multicrystalline system, poséibly to be regarded as
an amorphous semiéﬁnductor; and we must refrain from labeling such a region as
of intrinsic conduction.

The behaviour in the low-temperature region would suggest a change to
extrinsic conduction (i.e., by impurities) if the sample were a crystalline
specimen; however, it could also be explained in termé of thermally assisted
tunnelling, after the conduction model for amorphous semiconductors proposed
by Davis and Mntf (1970). Unfortunately, only one‘conductivity value was ob-
tained in the low-temperature rlégion; more data at low temperatures is needed
to pin down the gctual electrical classification of the sample._rThe dashed
lines iIndicate only a poséible behaviour between room temperature and 77°K
(i.e., between values of 3.35 and 12.98 for 1000/T°K); they may be in great
discrepancy from actual conductivity values in such a region. The sample
pregents a non-ohmic behaviour in the temperature range analyzed; it is evidenced
by increasing dc conductivities with Increasing applied wvoltages. Conductivity
values for voltages of 500 and 1000 volts, and temperature of 373°K were greater
than 10-7 (2-m)-1; they were not deterﬁined owing to limitations in the measuring

range of the resistivity meter.
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